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SATELLITE DIGITAL RADIO BROADCAST RECEIVER 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a satellite 
digital radio broadcast receiver for receiving a 
broadcast program having the seune contents but 
different modulation methods. 

Related Background Art 

Satellite digital radio broadcasting from a 
plurality of elliptical orbit satellites moving along a 
so-called figure 8 orbit is presented, for example, by 
US SIRIUS Satellite Radio Incorporated. The outline of 
the whole system of satellite broadcast is shown in Fig. 
1 . This broadcast system uses one Geo stationary 
satellite and three elliptical orbit satellites (not 
stationary satellite) each moving along a figure 8 
orbit. Since the service area is the North America, if 
a Geo stationary satellite only is used, the elevation 
angle of an antenna is low so that this is not suitable 
for mobile stations. An elliptical orbit satellite 
moves along the figure 8 orbit so that it does not 
always locate overhead. Therefore, a radio broadcast 
receiver sequentially and alternately receives a signal 
from any two satellites among the three elliptical 
orbit satellites . 



In an area where it is difficult to receive a 
radio wave from an elliptical orbit satellite or in an 
urban area where it is difficult to receive a satellite 
broadcast radio wave, a radio broadcast receiver 
receives in some cases a radio wave (ground wave) from 
a ground repeater which is controlled by a Geo 
stationary orbit satellite. Therefore, the satellite 
radio broadcast receiver receives three radio waves in 
total, two satellite waves and one ground wave, at the 
same time at its wide band RF amplifier. Fig. 2 shows 
the spectrum of radio waves to be received by the 
receiver. The center frequency of this spectrum is 
approximately 2 . 3 GHz , and the satellite wave and 
ground wave have both the band width of about 4 MHz. 
Although the satellite wave #1 and the ground wave are 
received at the same timing, the satellite wave #2 is 
received at the timing delayed by several seconds, and 
so time diversity is presented. Of three satellite 
waves from the elliptical orbits, the satellite wave #1 
or #2 is used depending upon their orbits so that the 
control for the time diversity and also fine frequency 
tuning are carried out. In the receiver, a band-pass 
filter built in the tuner unit separates each band, and 
the received signals are demodulated, combined and 
thereafter synthesized through synchronization. 

The features of this satellite digital radio 
broadcast system are summarized as in the following: 
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1) Features of Radio Waves 

Since a ground wave has a propagation path 
different from that of a satellite wave, the way how 
the level fluctuates and the like are different from 
those of the satellite wave. 

Since the satellite wave is transmitted from a 
satellite on the elliptical orbit, it is received by 
the receiver at a high elevation angle. Since the 
propagation path does not change largely, the satellite 
wave can be received reliably unless the mobile station 
enters a tunnel or passes under a high way. 

2) Features of Reception System 

The receiver receives three waves containing the 
same contents. However, each radio wave has different 
frequency and propagation path, and a different time 
period while the same data is received. These radio 
waves are synthesized and demodulated so that the 
effects of frequency diversity, space diversity and 
time diversity can be obtained. 

Fig. 3 shows the structure of a tuner unit of a 
satellite digital broadcast receiver 20 of the current 
system. 

In the tuner having the structure shown in Fig. 3, 
an antenna 11 receives a radio wave signal from a 
ground repeater, i.e., a ground signal, the antenna 
having the directional characteristics matching the 
ground signal. The band of the received signal is 



limited by a band-pass filter 12, and an output of the 
band-pass filter 12 is selectively supplied either to a 
high frequency amplifier 13 or an attenuator 14 to be 
amplified or attenuated. An antenna 21 receives a 
radio wave signal from a satellite, i.e., a satellite 
signal, the antenna having the directional 
characteristics matching the satellite signal. The 
band of the received signal is limited by a band-pass 
filter 22. 

An output signal from the high frequency amplifier 
13 or an output' signal from the attenuator 14 is 
amplified by a variable gain amplifier 15, and an 
output of this amplifier is supplied to a mixer 16 
whereat it is converted into an intermediate frequency 
easy to be processed. An output of the mixer 16 is 
detected by a detector 17 to obtain a detection voltage 
corresponding to the input signal level. This 
detection voltage is supplied to a control circuit 18 
which determines a gain of the variable gain amplifier 
15 in accordance with the supplied detection voltage, 
to thereby perform an automatic gain control (AGC) . An 
output of the mixer 16 is also sent as a ground signal 
to an intermediate frequency stage to be subjected to 
an intermediate frequency process. An output of the 
intermediate frequency stage is supplied to a 
demodulation stage to be subjected to a demodulation 
process. If the input signal level is judged small 
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from the detection voltage, the high frequency 
amplifier 13 Is selected by switches 19a and 19b, 
whereas If the Input signal level is large, the 
attenuator 14 Is selected by the switches 19a and 19b. 

An output signal from the band-pass filter 22 Is 
amplified at a variable gain amplifier 25, and an 
output of this amplifier is supplied to a mixer 26 
whereat It Is converted into an intermediate frequency 
easy to be processed. An output of the mixer 26 is 
detected by a detector 27 to obtain a detection voltage 
corresponding to the input signal level. This 
detection voltage is supplied to a control circuit 28 
which determines a gain of the variable gain amplifier 
25 in accordance with the supplied detection voltage, 
to thereby perform AGC . An output of the mixer 26 is 
also sent as a satellite signal to an intermediate 
frequency stage to be subjected to an intermediate 
frequency process. An output of the Intermediate 
frequency stage is supplied to a demodulation stage to 
be subjected to a demodulation process. 

The variable gain amplifiers 15 and 25, mixers 16 
and 26, detectors 17 and 27 and control circuits 18 and 
28 are fabricated in an integrated circuit IC. There 
are two series, a ground wave signal series including 
the variable gain amplifier 15, mixer 16, detector 17 
and control circuit 18, and a satellite wave signal 
series including the variable gain amplifier 25, mixer 
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26, detector 27 and control circuit 28, The reason of 
division into two series is that although the broadcast 
contents are the same, the modulation methods are 
different between the ground wave signal of an OFDM 
modulation and the satellite wave signal of a QPSK 
modulation, the bands at the succeeding intermediate 
frequency stages are different and the gain 
distributions are different. 

In the satellite digital radio broadcast receiver 
described above, the frequency of a received satellite 
wave signal is adjacent to that of a received ground 
wave signal. These two signals, the satellite wave 
reception signal and ground wave reception signal, are 
input to the two series of the tuner. Since different 
gain settings are performed in the integrated circuit 
IC of the tuner because of different levels of the 
satellite wave reception signal and ground wave 
reception signals and the like, the tuner is divided 
into the two series in the integrated circuit IC. 

The tuner of the satellite digital radio broadcast 
receiver 20 receives an adjacent disturbance wave 
signal b such as shown in Fig. 4. In order to process 
this disturbance signal, the switching circuit for 
switching between the high frequency amplifier 13 and 
attenuator 14 is provided at the front stage of the 
integrated circuit IC in the ground wave signal 
reception series . This switching circuit operates in 
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response to the output level of the detector 17 
provided in the integrated circuit IC to thereby 
control the level of an input signal to the integrated 
circuit IC. In Fig. 4, reference character a 
represents the level of a desired reception signal. 

A digital AGC method is known as disclosed, for 
example, in Japanese Patent Laid-open Gazette No. 10- 
56343. With this method, in accordance with an 
electric field intensity detected from an output of an 
intermediate frequency signal, the gain of a variable 
gain amplifier is controlled, and an output of the 
variable gain amplifier is orthogonally detected, and 
in accordance with a difference between the 
orthogonally detected IQ output signal amplitudes and 
desired IQ output signal amplitudes, the gain of the 
variable gain amplifier is finely adjusted. 

With the conventional tuner structure of the 
satellite digital radio broadcast receiver described 
above, it is, however, necessary to set a hysteresis to 
the switching circuit in order to prevent the switching 
between the high frequency amplifier 13 and attenuator 
14 from being fluttered due to a reception signal level, 
A satellite digital radio broadcast receiver has as its 
one objective using it mounted on a vehicle. The 
25 reception condition during vehicle running is 
influenced by a multi-path and the like so that the 
signal level may change abruptly by 15 dB or more. 
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It is therefore necessary that the switching 
hysteresis is 15 dB or larger. Further, since a 
digital modulation method is incorporated for the 
satellite digital radio broadcast, if the reception 
signal is once intercepted, there is some idle time 
before sounds can be reproduced, because data 
synchronization and the like are necessary. A 
complicated control process is therefore required such 
as matching the switching timing for signal level 
control to the data transition period and fixing the 
synchronization circuit and the like during such period. 

From these reasons, the level adjustment of a 
ground wave signal input to the integrated circuit IC 
is something intermittent. Fig. 5 shows the 

disturbance wave elimination characteristics actually 
measured. As shown, the characteristics are stepwise 
and there are an input signal level having the bad 
disturbance wave elimination characteristics and an 
input signal level having the good disturbance wave 
elimination characteristics. There is a difference of 
10 dB or more between these signal levels. If a signal 
cannot be received once because of the switching 
hysteresis control, even if the disturbance signal 
level lowers somewhat, it is not so fast until the 
reception is recovered. The hatched area in Fig. 5 
indicates a reception enabled range. 
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SUMMARY OF THE INVENTION 

It is an objective of the present invention to 
provide a satellite digital radio broadcast receiver 
capable of eliminating the above-described 
disadvantages and improving the disturbance wave 
elimination characteristics with a simple structure. 

According to one aspect of the present invention, 
there is provided a satellite digital radio broadcast 
receiver having an integrated circuit including a first 
reception series for performing a reception processing 
of a satellite wave signal from a satellite and a 
second reception series for performing a reception 
processing of a ground wave signal from a repeater in 
order to receive both the satellite wave signal and the 
ground wave signal having the same broadcast contents 
and different modulation methods , the satellite digital 
radio broadcast receiver comprising: automatic gain 
control means for amplifying a signal from a single 
antenna at a variable gain amplifier, and in accordance 
with a level of a signal outputted from the variable 
gain amplifier, for controlling a gain of the variable 
gain amplifier to control the level of the signal 
outputted from the variable gain amplifier; and a two- 
way distributor for distributing an output of the 
automatic control means to two distribution outputs, 
wherein one distribution output from the two-way 
distributor is supplied to the integrated circuit as an 
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input signal to the first reception series, and the 
other distribution output from the two-way distributor 
is supplied to the integrated circuit as an input 
signal to the second reception series. 

According to the satellite digital radio broadcast 
receiver, the input signals to the first and second 
reception series of the integrated circuit have the 
levels controlled by the automatic gain control means . 
Therefore, the input signal level can be maintained 
generally constant even if there is a sharp change in a 
disturbance signal level. 

As above, according to the satellite digital radio 
broadcast receiver of this invention, only one series 
can suffice for the input signals to the integrated 
circuit so that the receiver can be made compact and 
the cost can be reduced. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing the outline of a 
satellite digital radio broadcast system. 

Fig. 2 is a diagram showing the spectrum of radio 
waves to be received by a satellite digital radio 
br oadcas t receiver . 

Fig. 3 is a block diagram showing the structure of 
a tuner unit of a conventional satellite digital radio 
broadcast receiver. 

Fig. 4 is the characteristic diagram explaining 



11 



the disturbance signal elimination characteristics of a 
conventional satellite digital radio broadcast receiver. 

Fig. 5 Is a schematic diagram explaining a 
disturbance radio wave to be received by a conventional 
satellite digital radio broadcast receiver. 

Fig. 6 Is a block diagram showing the structure of 
a tuber unit of a satellite digital radio broadcast 
receiver according to an embodiment of the Invention. 

Fig. 7 Is the characteristic diagram explaining 
the disturbance signal elimination characteristics of 
the satellite digital radio broadcast receiver of the 
embodiment . 

Fig. 8 Is a schematic diagram explaining a 
disturbance radio wave to be received by the satellite 
digital radio broadcast receivers of the embodiment and 
the prior art . 



DESCRIPTION OF THE PREFERRED EMBODIMENT 

Description will be made on a satellite digital 
radio broadcast receiver according to an embodiment of 
the invention. 

Fig. 6 is a block diagram showing the structure of 
a tuner unit of a satellite digital radio broadcast 
receiver according to the embodiment of the invention. 

In the satellite digital radio broadcast receiver 
30 of the embodiment, an antenna 31 receives a 
satellite wave signal and a ground wave signal. The 
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band of the received signal is limited by a band-pass 
filter 32, and an output of the band-pass filter 32 is 
supplied to and amplified at a voltage control type 
variable gain amplifier 33. An output signal from the 
voltage control type variable gain amplifier 33 is 
supplied to a two-way distributor 34 which inputs two- 
way distributed output signals to variable gain 
amplifiers 15 an 25 of an integrated circuit IC, 
respectively- The integrated circuit IC has the same 
structure as the integrated circuit IC shown in Fig. 3, 
and so the description of the structure and operation 
thereof is omitted. 

An output of the voltage control type variable 
gain amplifier 33 is detected by a detector 35 to 
obtain a detection voltage corresponding to the input 
signal level. This detection voltage is supplied to a 
control circuit 36 which converts it into an AGC 
control voltage. The AGC control voltage is supplied 
as a gain control voltage to the voltage control type 
variable gain amplifier 33 to perform AGC and control 
the level of an input signal to the integrated circuit 
IC. The antenna 31 is either an antenna for receiving 
a satellite wave signal or an antenna for receiving a 
ground wave signal. 

The two-way distributor 34 distributes an input at 
a distribution ratio suitable for gains of two series 
in the integrated circuit IC and supplies the 
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distributed signals to the variable gain amplifiers 15 
and 25, respectively. A better one of the demodulation 
signals of the two series Is selected and output, 
similar to conventional techniques. 

As described above. In the tuner unit of the 
satellite digital radio broadcast receiver 30, the 
level of an Input signal to the Integrated circuit IC 
Is controlled by AGC, and signals having AGC controlled 
levels are distributed to the two series of the 
Integrated circuit IC. Therefore, the level of an 
Input signal to the Integrated circuit IC Is controlled 
continuously In an analog fashion, so that the Input 
signal level Is not switched Intermittently as In the 
case of conventional techniques . As Indicated at b In 
Fig. 7, the disturbance signal elimination 
characteristics will not be degraded abruptly so that 
even a sharp change in a disturbance signal level can 
be followed smoothly. In addition, even if the 
receiver is mounted on a vehicle, broadcast reception 
is hardly broken. The disturbance signal elimination 
characteristics Indicated at a in Fig. 7 are the same 
as those shown in Fig. 5. 

Fig, 8 is a schematic diagram showing actual 
measurements by the satellite digital radio broadcast 
receiver 30 of the embodiment and the conventional 
receiver 20, both mounted on a vehicle running through 
the New York city. The level of a disturbance wave is 
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indicated at a in Fig. 8. A line indicated at b in Fig. 
8 shows the selection state between the high frequency 
amplifier 13 and attenuator 14. The high level line 
indicates a selection of the high frequency amplifier 
13, and the low level line indicates a selection of the 
attenuator 14. A line indicated at c in Fig. 8 
schematically illustrates a muting state of an audio 
output when the level of an input signal to the 
integrated circuit IC is controlled by switching 
between the high frequency amplifier 13 and attenuator 
14 upon reception of the disturbance wave a. The high 
level line, indicates the period while the muting state 
is removed and an audio signal is obtained, and the low 
level line indicates the period while the muting state 
is effected and an audio signal cannot be obtained. A 
line indicated at d in Fig. 8 schematically illustrates 
a muting state of an audio signal when the level of an 
input signal to the integrated circuit IC is controlled 
by the voltage control type variable gain amplifier 33 
upon reception of the disturbance wave a. The high 
level line indicates the period while the muting state 
is removed and an audio signal is obtained, and the low 
level line indicates the period while the muting state 
is effected and an audio signal cannot be obtained. 

As apparent from the comparison between the lines 
c and d in Fig. 8, as compared to the satellite digital 
radio broadcast receiver 20, the satellite digital 



15 



radio broadcast receiver 30 has a shorter sound 
interception period and a shorter reception stop period. 

Since the satellite digital radio broadcast 
receiver 30 has only one series as the front end of the 
5 integrated circuit IC, it can be made compact and the 
cost can be reduced. 

As described so far, according to the satellite 
digital radio broadcast receiver, only one series is 
used as the front end of the integrated circuit, and 

1 0 the level of an input signal to the integrated circuit 
is controlled by AGC. Accordingly, the satellite 
digital radio broadcast receiver has a shorter sound 
interception period and a shorter reception stop period. 
Furthermore, since the satellite digital radio 

"15 broadcast receiver 30 has only one series as the front 
end of the integrated circuit IC, it can be made 
compact and the cost can be reduced. 



